Methods

Fs-transient absorption spectroscopy
A Coherent Micra Ti:Sapphire oscillator in conjunction with a Coherent RegA 9040 amplifier (800 nm central wavelength, 40 fs pulse duration and 250 kHz repetition rate) was used to generate pump and probe light. The 520 nm pump beam was generated in a coherent collinear optical parametric amplifier, the probe resulted from white light generation in a sapphire plate. The delay between the two pulses was controlled by a motorized delay-stage and the signal was detected using a photodiode with monochromator, connected to a Stanford Instruments Lock-in Amplifier SR830. During the measurements, the pump beam of 1.6 nJ excitation power was focused on approximately 1 mm 2 device area. To monitor the current in short-circuit condition, the devices were connected to an Agilent B2912A source/measure unit. All measurements were set up in reflection geometry, measuring double transmission by reflecting the probe beam from the back electrode of the device. To prevent degradation during laser illumination, all measurements were carried out in vacuum, using a continuous flow static exchange gas cryostat (Oxford Instruments Optistat CF).
Band gap estimation measurements
The band gap of the perovskite materials (Supplementary Figure S3) was determined from diffuse reflectance measurements in a wavelength range of 300-900 nm carried out with a UV-3600 spectrometer (Shimadzu Scientific Instruments, USA) that was equipped with an integrating sphere. For these measurements, a thick layer of perovskite was deposited on a quartz slide (Ted Pella, USA) to ensure a good scattering signal. An 3 absorption coefficient equivalent was calculated after Kubelka-Munk according to
where R is the diffuse reflectance. The band gap was determined from
Tauc plots according to ℎ = ℎ − ! ! ! with n = 1 for a direct band gap material.
The band gaps of SnO 2 and TiO 2 were confirmed by spectroscopic ellipsometry measurements (GES 5E, Sopra S.A., France) in the wavelength range of 250-890 nm on 100 nm thick layers deposited on Si by ALD as described above. The obtained spectra were fitted using a Tauc-Lorentz dispersion law (WinElli II software) to extract the band gap and thickness of the deposited layers. The results were in very good agreement with transmittance measurements performed on films deposited on quartz as well as with literature values.
Photoelectron spectroscopy
The XPS and UPS measurements were performed on a PHI5000 VersaProbe instrument.
The UPS radiation was generated by a He-gas discharge lamp (He I α at 21.22 eV).
The electron binding energy scale was calibrated using the Fermi edge of clean silver.
Samples were prepared in the same way as for the devices for the 2 perovskites on ESLs of SnO 2 and TiO 2 , which were deposited on FTO glass. 
